
A: battery voltage 

B: battery with a cooling device 

C: battery without a cooling device 

D*- battery temperature 

E: charging current 

F: charging time 
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Fig.2 




A 


battery with a cooling device 


B: 


battery voltage 


C: 


charging current 


D: 


battery temperature changing rate at second sampling interval 


E: 


battery temperature K 


F: 


t A m A 1 1 * A A /** A T * * A 1 

battery temperature changing rate at first sampling interval 


Fig.3 




A: 


battery with a cooling device 


B: 


battery voltage 


C: 


charging current 


D: 


battery temperature changing rate at second sampling interval 


E: 


battery temperature K 


F: 


battery temperature changing rate at first sampling interval 
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Fig. 5 

X: START 

10 1 battery connected ? 

102 operate cooling fan 

102 start charging with charging current 10 

104 Ti-06 «- oo dT/dt (MIN) «- oo 
Ti-05 «- oo 45 °C flag «- 0 

cooling effect existence flag <— 0 
cooling effect non-existence flag <— 0 
Ti-01 <— oo oo: maximum value of A/D conversion 

105 start sampling timer 

106 sampling time lapsed ? 

107 restart sampling timer 

108 detect battery temperature Tin 

109 dT/dtGn) <- Tin - Ti-06 

110 dT/dt(in) < 0 ? 

111 dT/dtGn) < dT/dt (MIN) ? 

112 dT/dt (MIN) <-dT/dt(in) 

113 45 °C flag is 1 ? 

114 Tin > 45 °C ? 

115 45 °C flag <- 1 

116 battery is charged fully ? 

117 Ti-06 <- Ti-05 
Ti-05 «- Ti 04 



Ti-01 <- Tin 

118 cooling effect existence flag is 1 ? 

119 cooling effect non-existence flag is 1 ? 

120 dT/dt (MIN) > P ? 

121 Tin > 50 °C ? 

122 change charging current into II 

123 cooling effect existence flag <— 1 

124 Tin > 45 °C ? 

125 change charging current into 12 

126 cooling effect non-existence flag <— 1 

127 stop charging 

128 battery is taken out ? 

129 stop cooling fan 
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battery voltage 


B: 


battery with a cooling device 


C: 


battery without a cooling device 
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Fig. 8 



A- minimum temperature changing rate (A/D conversion value) until 

reaching battery temperature K 

B: large 

C: small 

O battery with a cooling device, ambient temperature is low 

□ battery without a cooling device, ambient temperature is low 

# battery with a cooling device, ambient temperature is high 

■ battery without a cooling device, ambient temperature is high 

• boundary line 

D: low 

E: high 

F: battery temperature at a time of start of charging 
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Fig. 9 

A: start 

501 battery connected ? 502 operate cooling fan 

502 start charging with charging current 10 

504 Ti-36 «- oo dT/dt (MIN36) «- oo 
Ti-35 «- oo dT/dt (MIN12) *-oo 

Ti-34 *— oo cooling effect existence flag *— 0 
cooling effect non-existence flag «— 0 
45 °C flag <- 0 

oo: maximum value of A/D conversion 

Ti-02 «- oo 
Ti-01 «- oo 

505 start sampling timer 506 sampling time lapsed ? 

507 restart sampling timer 

508 detect battery temperature Tin 

509 sampling for the first time ? 

5 10 store Tin detected at first sampling timing as battery temperature TO 
at start of charging 

511 dT/dt(in36) «- (Tin - Ti - 36)/180 512 dT/dt(in36) < 0 ? 

513 dT/dt(in36) < dT/dt(MIN36) 514 dT/dt(MIN36) «- dT/dt(in36) 
515 dT/dtanl2) «- (Tin - Ti-12)/60 516 dT/dt(inl2) < 0 ? 

517 dT/dtanl2) < dT/dt(MINl2) 518 dT/dt(MINl2) «- dT/dtdn 12) 
519 45 °Cflagisl? 520 Tin > 45 °C ? 

521 dT/dtdn36) < 0 ? 522 45 °C flag «- 1 

523 cooling effect existence flag is 1 ? 

524 dT/dtdn 12) - dT/dt(MIN 12) > N 1 ? 

525 cooling effect non-existence flag is 1 ? 

526 dT/dtdn 12) - dT/dt(MIN 12) > N2 ? 

527 dT/dt(inl2) - dT/dt(MIN12) > NO ? 

528 Ti-36 <- Ti-35 
Ti-35 ^ Ti-34 
Ti-34 <- Ti-33 



Ti-02 <- T-01 
Ti-01 <- Tin 



529 
530 
531 



termination of charging 
battery is taken out ? 
stop cooling fan 
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Fig. 10 



532 cooling effect existence flag is 1 ? 

533 cooling effect non-existence flag is 1 ? 

535 dT/dt(in36)>PlT0? 

536 charge with second charging current II 

537 cooling effect existence flag <— 1 

538 charge with second charging current 12 

539 cooling effect non-existence flag <— 1 
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dT/dt ( in36) — ( T in-T i-36) /180 | 
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dT/dt (inl2)<-(Tin-Ti-12)/60 | 




dT/dt (MIN12)«-dT/dt<inl2> 
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Ti-36 «-Ti-35 
Ti-35 «-Ti-34 
Ti-34 «-Ti-33 



Ti-02«-Ti-01 
Ti-01 -Tin 
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Fig. 11 

start 

601 battery connected ? 602 operate cooling fan 

602 start charging with charging current 10 

604 Ti-36 «- oo dT/dt(MINl2) *- oo 
Ti-35 <— oo cooling effect flag <— 0 

cooling effect determination termination flag *— 0 
45 °C flag — 0 
13 flag <- 0 
Ti 02 <— oo 14 flag «- 0 

Ti-01 <— oo oo: maximum value of A/D conversion 

605 start sampling timer 606 sampling time lapsed ? 

607 restart sampling timer 608 detect battery temperature Tin 

609 sampling for the first time ? 

610 store Tin detected at first sampling timing as battery temperature TO 
at start of charging 

611 dT/dt(in36) «- (Tin - Ti-36) /180 

612 cooling effect determination termination flag is 1 ? 

613 dT/dt(in36) < 0 ? 615 dT/dt(in36) > P2T0 ? 
616 cooling effect flag «- 1 617 cooling effect flag «- 0 

618 cooling effect determination termination flag «- 1 

619 dT/dt(inl2) «- (Tin - Ti- 12)/60 

620 dT/dt(Lnl2) < 0 ? 621 dT/dt(inl2) < dT/dt(MIN12) 

622 dT/dt(MIN12) «- dT/dt(inl2) 

623 45 °C flag is 1 ? 624 Tin > 45 °C ? 
625 dT/dt(in36) < 0 ? 626 45 Xl flag <- 1 

627 13 flag is 1 ? 628 dT/dt(inl2) - dT/dt(MIN12) > N3 ? 
629 14 flag is 1 ? 630 dT/dt(in 12) - dT/dt(MIN 12) > N4 ? 

63 1 dT/dtGn 12) - dT/dt(MIN 12) > NO ? 

632 Ti-36 Ti-35 
Ti-35 <- Ti-34 
Ti-34 «- Ti-33 



Ti 02 «- T 01 
Ti-01 «- Tin 



633 termination of charging 

634 battery is taken out ? 

635 stop cooling fan 
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Fig. 12 

636 13 flag is 1 ? 

637 14 flag is 1 ? 

638 cooling effect flag is 1 ? 

639 charge with third charging current 13 

640 13 flag «- 1 

641 charge with fourth charging current 14 

642 14 flag «- 1 



